The classification of organisms in the genus Brucella recognizes three species. Huddleson (1957) expanded this classification by subgrouping the species into types in order to accommodate taxonomically the increased number of organisms reported to be atypical of a species (Wilson, 1933; Renoux and Carrere, 1952; Renoux, 1952a, b; Cruickshank, 1954; Huddleson and White, 1954; Pickett et al., 1953; Pickett and Nelson, 1955) . Cameron (1957, 1958) To obtain resting cell suspensions for manometry, Roux flasks containing tryptose agar were inoculated with 2.5 ml of a saline suspension of the desired culture, incubated 24 hr at 37.5 C, and the resultant growth harvested, washed, and suspended in Sorenson's 0.06 M phosphate buffer at pH 7.0. Cell concentrations were adjusted on a Coleman spectrophotometer and cellular nitrogen determined by a micro-Kjeldahl technique. Complete details for cell preparations have been described earlier by Meyer (1953, 1955).
expanded this classification by subgrouping the species into types in order to accommodate taxonomically the increased number of organisms reported to be atypical of a species (Wilson, 1933; Renoux and Carrere, 1952; Renoux, 1952a, b; Cruickshank, 1954; Huddleson and White, 1954; Pickett et al., 1953; Pickett and Nelson, 1955) . Cameron (1957, 1958) reported that typical organisms of each of the three species displayed distinctive and characteristic metabolic patterns under manometric conditions on substrates of amino acids and carbohydrates. Gram-negative microorganisms that are morphologically similar to brucellae, one of which is tentatively classified within this genus (Buddle and Boyes, 1953) , could be differentiated from brucellae by its oxidative metabolism (Meyer and Cameron, 1956 ). Organisms that have been classified within the genus, but which are atypical of the existing species (Stoenner and Lackman, 1957), can also be identified by this method . It was therefore considered highly desirable to extend these investigations to include all atypical organisms (types) within each species in order to elucidate, if possible, the metabolic features that constitute an atypical organism. It was further believed that an investigation of this nature might help determine some of the fundamental biological relationships that must surely exist between organisms within a genus. This paper, then, is a report upon the comparative metabolism of all species and types within the genus Brucella.
MATERIALS AND METHODS
The cultures of brucellae employed in this investigation were obtained from a number of laboratories. Insofar as it was possible to ascertain, the source, brief history, and species identification of the culture at time of receipt, are presented in table 1.
Organisms were used only as smooth forms, as determined by the methods of Braun and Bonestell (1947) and White and Wilson (1951 To obtain resting cell suspensions for manometry, Roux flasks containing tryptose agar were inoculated with 2.5 ml of a saline suspension of the desired culture, incubated 24 hr at 37.5 C, and the resultant growth harvested, washed, and suspended in Sorenson's 0.06 M phosphate buffer at pH 7.0. Cell concentrations were adjusted on a Coleman spectrophotometer and cellular nitrogen determined by a micro-Kjeldahl technique. Complete details for cell preparations have been described earlier by Meyer (1953, 1955) .
The substrates were dissolved in Sorenson's 0.06 M phosphate buffer and where necessary, the pH of the solution was adjusted to 7.0 by the addition of sodium hydroxide. Conventional manometric techniques were employed to determine oxygen uptake (Umbreit et al., 1957) . Each flask contained 1.0 ml of cell suspension, 0.5 ml solution containing 5 mg of the desired substrate, 1.4 ml buffer, and 0. Originally isolated in England (see Cruickshank, 1954 .
As may be seen from Pickett and Nelson (1955) , referred to such cultures as species intermediates and urged that a decision be made as to whether they be classified on their biochemical or their serological characteristics. Renoux (1952b) , reporting on a small group of organisms that displayed dual identities, proposed that cultures displaying such behavior be considered a new species, Brucella intermedia. These 18 cultures were serologically B. abortus, but were B. melitensis according to dye differentiation and hydrogen sulfide production. If species status were to be accorded this group of organisms, the natural corollary would then be another new species to accommodate cultures that were serologically B. melitensis and biochemically B. abortus. The total number of possible combinations that could ensue, and would have to be accorded species rank, is unthinkable.
The significance of the problem of classifying organisms that fail to conform to species standards has perhaps been magnified in the literature. Cruickshank (1954) and Spink (1956) The metabolism of B. neotomae (Stoenner and Lackman, 1957) has been discussed in detail previously by Cameron and Meyer (1958) . This organism has metabolic features that show it to be transitional between existing species of Brucella, being similar to B. suis in its carbohydrate utilization, carbon dioxide requirements, and hydrogen sulfide production. It is, however, similar to B. abortus and B. melitensis in its amino acid utilization.
SUMMARY
The differential effect of thionin and basic fuchsin upon the growth of organisms within the genus Brucella has been the most valuable technique for species identification. The original classification of the genus Brucella into three species was, in fact, based upon their growth pattern on these dyes by Huddleson in 1929. The existence of three definable species was serologically confirmed by Wilson and Miles in 1932. Organisms that fail to conform biochemically or serologically to species criteria can now be accommodated taxonomically in the enlarged schema. That this classification is biologically sound is reflected in the differing metabolic patterns of the organisms within the species and types, especially when correlated with the bacteriostatic action of the dyes and H2S production.
